13C-nuclear magnetic resonance studies of 85% 13C-enriched amino acids and small peptides. pH effects on the chemical shifts, coupling constants, kinetics of cis-trans isomerisation and conformation aspects.
The 13C chemical shifts of several 85% 13C-enriched amino acids and small peptides were studied as a function of pH. The results show that the chemical shifts of carbon atoms of ionizable groups vary significantly within the zone of their pK. Generally with the pH GOING FROM 7 to 1 all the deltaC are shifted more or less upfield with the exception of the carbonyl group carbon of the second last residue which is shifted slightly downfield. This suggests the formation of an hydrogen bond at acid pH involving in a seven-membered ring the C=O in question and the COOH terminal. The percentage of cis and trans conformers of glycyl-L-proline and glycyl-L-prolylglycine were studied as a function of pH. The trans form is always preponderant whatever the pH. The accessibility of the carbonyl group to protonation of the proline residue strongly influences the cis-trans equilibrium. Thus, with the pH varying from 7 to 1, the trans isomer changes from 61 to 85% for glycyl-L-proline and only from 77 to 80% for glycyl-L-prolylglycine. The proton NMR studies underline the important differences existing between the two molecular forms of glycyl-L-proline. The cis conformation is characterized with regard to the trans form by the non-equivalence of the alpha-protons of the glycine residue, by a lower pK(1) and by a larger deltadeltaHalpha of the proline residue as a function of pH. These results could suggest an end-to-end interaction in the cis form of the glycyl-L-proline molecule. The 13C-13C coupling constants were also studied as a function of pH. The results show that J(Co-Calpha) of a C-terminal residue, varying from 5 to 6 Hz and reflecting thhe pK of the carboxylate group, is a linear function of delta(Co) and delta(Calpha) as in the case of the amino acids. The total variation of the electron density of those two carbons in an amino acid is approximately 40% weaker than in a C-terminal residue. The charge distribution along the Calpha-C(o) bond, however, is practically the same in both cases. Finally the ratios of the conversion rate constants of the two isomers cis-trans of glycyl-proline were calculated at different pH values; the relations between the isomer percentages and delta(Co), delta(Calpha) on the one hand and the J(Co-Calpha) on the other were established.